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[57] ABSTRACT

The present invention includes a metallic coating on por-
tions of the prosthesis to enhance the overall acceptability of
the implantable device or fabric/sutures used to implant the
prosthesis. The preferred metal is silver, which is applied to
surfaces which are exposed to the heart tissue. The silver-
treated portions of these devices inhibit or greatly reduce
colonization of endocarditis-causing bacteria without
impacting the overall biocompatibility of the device.
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1
COATED PROSTHETIC CARDIAC DEVICE

This is a Continuation-In-Part of U.S. patent application
Ser. No. 08/722.661. filed Sep. 30. 1996 and entitled
“COATED PROSTHETIC CARDIAC DEVICE”. now

abandoned.

FIELD OF THE INVENTION

The present invention relates generally to implantable
cardiac prosthetic devices and more particularly to coated
devices.

BACKGROUND OF THE INVENTION

The ability to replace or repair diseased heart valves with
prosthetic devices has provided surgeons with a method of
treating valve deficiencies due to disease and congenital
detects. A typical procedure involves the removal of the
natural valve and surgical replacement with a mechanical or
bioprosthetic valve. Another technique uses an annuloplasty
ring to provide structural support to the natural root which
supports the natural annulus of the valve,

Studies have shown that structural abnormalities of the
heart can render it susceptible to the development of inva-
stve infection of the heart valve called Subacute Bacterial
Endocarditis (SBE). The tissue abnormalities can interrupt
the blood flow pattern in the heart, generating areas of
turbulence and stasis. Transient bacteria can adhere to heart
tissues in these areas of abnormal flow and establish an
infection (endocarditis). Once endocarditis is established it
1s extremely difficult to cure. Once the natural valve is
damaged by infection, it may need to be replaced. Usually
a biological valve is used in these instances for the replace-
ment due to the lower susceptibility of infection.

Following implantation, there is a risk of postoperative
systemic infection. Prosthetic Valve Endocarditis (PVE) is
an infection that can be associated with a heart valve
prosthesis. Heart valves include a fabric sewing cuff or other
fabric portion which is used to suture the heart valve to heart
tissue. Over time, fibrous tissue grows into the sewing cuff
and encapsulates the cuff. Bacteria can colonize in the
wound associated with the implant and the fabric of the
sewing cuff. Studies have shown that the growth of tissue
into the cuff material can attract circulating bacteria or other
pathogens. For this reason. heart valve recipients are cau-
tioned regarding activities which may introduce bacteria into
their bloodstream. such as dental work.

With respect to replacement heart valves, care must be
taken to ensure sterility during production and to prevent
contamination during the replacement valve implantation
process. For example. to reduce perioperative
contamination, some surgeons apply antibiotics prior to
tmplantation. These techniques. however, have relatively
short term effectiveness. Others have proposed the use of
drug delivery systems designed for antibiotic therapy and
these systems are also relatively short-term. In spite of these
efforts, PVE occurs in about 2% to 4% of patients.

Other prior art includes U.S. Pat. No. 5,464 438, issued to
Menaker. This reference teaches the use of gold metallic
coatings on biomedical devices, such as heart valves. This
surface treatment is 1ntended to prevent thrombosis.

SUMMARY OF THE INVENTION

In contrast to the use of pharmaceutical products, the
present invention includes an antimicrobial metallic coating
on portitons of the prosthesis. usually fabric. to enhance the
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overall acceptability of the implantable device. The pre-
ferred metal is silver, which is applied to surfaces which are
exposed to the heart tissue. Mechanical and bioprosthetic
heart valves benefit from this coating and it may also be
applied to annuloplasty rings. composite valved grafts.
sutures, pledgets, a heart girdle or other implantable devices.
The silver-treated portions of these devices inhibit or greatly
reduce colonization of endocarditis-causing bacteria without
impacting the overall biocompatibility of the device.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings show exemplary and illustrative prosthetic
devices. Throughout the drawings identical reference
numerals indicate equivalent structure. wherein:

FIG. 1 shows a prosthetic heart valve;

FIG. 2 shows a heart valve with an attached aortic graft;
FIG. 3 shows a prosthetic annuloplasty ring;

FIG. 4 shows a pulmonic valved graft prosthesis;

FIGS. 5A and 5B are perspective views showing suturing
attachment techniques using a pledget in accordance with
the invention;

FIG. 6 is an exploded view showing a passive assist
device relative to a heart in accordance with one aspect of
the invention; and

FIG. 7 shows an apparatus for coating fiber or fabric.

DETAIIED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a cross section of a mechanical heart valve
10. The invention is disclosed in the context of a bileaflet
valve; however, single and multioccluders are contemplated,
as are bioprosthetic heart valves. It should be understood
that the techniques presented are applicable to other valve
and prosthetic devices. The heart valve 10 includes an orifice
ring 12 which forms a blood flow annulus 13. The orifice
ring 12 locates and positions a pair of occluders, shown as
occluder 14 and occluder 16. The occluders are movable
between a first open position and a second closed position.
In use, the blood flows through the annulus 13 and controls
the position of the two occluders. The sewing cuff 18 of
valve 10 will be surgically attached to the heart tissue and
ultimnately the sewing cuft 18 will become encapsulated by
fibrotic tissue.

The suture/sewing cuff or fabric used for any of the
prosthetic devices described herein preferably comprises a
woven or knitted polyester or polytetrafluoroethylene
(PTFE) material. most preferably a woven double velour
polyester material, such as obtained from Meadox Medicals,

Inc.

There are several ways to provide the silver coating to the
devices. First, the fabric used in the construction of the
devices may be coated after the fabric is formed. Second. the
yarn or fiber that makes up the fabric can be coated before
the fabric is formed. Third, after the fabric portion is
constructed, the fabric portion itself may be coated with the
silver. In addition. the silver coating may be applied directly
to a device. In one embodiment, the amount of silver
required is quite small, generally in the range of 1-100 mg
of silver per gram of fabric. preferably 20-50 mg of silver
per gram of fabric. Coating the fiber may be advantageous
because this technique may produce a more optimal distri-
bution of the silver in the completed product. For all of the
coating methods. the porosity of the textile must be pre-
served so that tissue ingrowth properties are adeguate.

For stented bioprosthetic heart valves, the fabric used for
the sewing cuff could be coated in the same manner as
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described above. It is also contemplated that the stent for
these valves may be coated with silver to further enhance the

infection resistance of the device. In stentless bioprosthetic
heart valves, the outer fabric wraps may also be treated with

the silver coating.

FIG. 2 shows an aortic valved graft. which includes a
mechanical heart valve 16 coupled to a graft 20. The graft 20
portion is preferably made from a polymer. such as woven
double-velour polyester material obtained from Meadox
Medicals. Inc.. Although the polyester material is well
tolerated in some instances, polytetrafluoroethylene (PTFE)
material may also be used, depending on surgeon prefer-
ence. The graft 20 is used for prosthetic replacement or
repair of the ascending aorta and must accept other
connections, such as coronary anastomosis. After
implantation, the graft will be exposed to relatively high-
pressure blood flows from the left side of the heart. In
general. grafts are coated with different pre-clotting agents,
such as collagen or gelatin. In this application. the silver
coating may underlie the pre-clotting agent, and its effects.
if any. on the resorption rate of the preclotting agent are
unknown. It is not clear whether the sealed surface of the
graft may impact the benefits of the silver coating. and it is
contemplated that silver treatment of only the cuff may be
desired in some applications. The silver coating may also be
applied directly to collagen or other pre-clotting agents by
methods disclosed in co-pending application U.S. Ser. No.
08/794 398. filed Jan. 22. 1997. entitled “Medical Article
With Adhered Antimicrobial Metal Ions and Related Meth-
ods”.

FIG. 3 is a cross-section of an annuloplasty ring 22 which
is generally round. The ring 22 includes an outer layer of
fabric 24. such as a woven or knitted polyester. which may
surround a frame 23. Unlike the valve prosthesis, the fabric
covers the entire external surface of the annuloplasty ring
22. Frame 23 may be rigid. semi-rigid or flexible, and may
be made of a metal or a polymer. Examples of polymer
frames 23 include high density polyethylene (HDPE). poly-
ethylene terephthalate, or silicone. Metal frames 23 may
include. for instance, Elgiloy®. a cobalt. chrome and nickel
alloy. or titanium. In use, the annuloplasty ring is used to
reconstruct and support the naturally occurring valve
annulus. and the entire ring is typically encapsulated by
fibrous tissue as a result of the healing response.

FIG. 4 shows a pulmonic valved graft prosthesis 40 in a
cutaway view. This type of device 40 is used to repair and
reconstruct the pulmonary valve and artery. The valve 10
portion is located in the graft section 41. and a small fabric
cuff 42 is located proximate the vailve 10 location to assist
in implantation of the graft. If a pre-clotting agent 1s not
used, it is preferred that the graft and the cuff 42 be coated
with silver.

FIGS. 5A and 5B are perspective views showing cuff 18
being sutured to natural heart tissue 50 using pledget 52 and
suture 54. FIG. 5A shows an example of a non-everting
mattress suturing technique using pledget 52 and suture 54
and FIG. 5B shows an everting mattress suturing technique
with pledget 52 and suture 54. One aspect of the invention
includes a silver coating of pledget 52 and/or suture 54. In
this embodiment, both cuff 18, pledget 52 and suture 54 are
coated in accordance with the invention whereby surfaces of
natural tissue 50 are only exposed to silver coated surfaces.
Typically. piedget 52 is made of polytetrafluorocthylene
(PTFE) felt or polyester. Pledgets are widely available in the
medical industry, for example. from Ethicon, C. R. Bard and
Johnson & Johnson. The present invention is applicable to
any type of attachment technique including sutures without
pledgets. hooks. staples. clips. clamps or other barbs.
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FIG. 6 is a side exploded view of another aspect of the
present invention which includes a passive assist device 60
shown with a heart 62. Passive assist device 60 includes
girdle 64 and sewing cuff 66 adapted to fit over the ven-
tricular apex 68 of heart 62. Girdle 64 is made of an
expandable elastic, biocompatible material such as a
polymer. rubber, pericardial tissue, stretchable polyester
fabric. etc. and expands to expanded profile 70 when placed
over ventricular apex 68. Sewing cuff 66 may be of any
suitable cuff material such as described above including an
annuloplasty ring adapted for suturing to fibrous plane 72.
Passive assist device 6@ is designed to provide increased
myocardial contractility of a failing heart. Girdle 64 sur-
rounds the ventricles with a highly elastic. biocompatible
material to provide a squeezing force during systole. In some
embodiments. device 60 is coated to make it more biocom-
patible and less thrombogenic. Those skilled in the art will
recognize that any type of direct myocardial attachment.
such as to the fibrous plane, may be used to attach the girdle
to the heart including suture. staples, glue, etc. Device 60
may be coated with materials including silver or other
antimicrobial metals, peptides, and sulfonated hydrogels.

It has been discovered that coating portions of cardiovas-
cular prostheses with a thin adherent film of silver provides
protection from infection of the device. In some instances,
the entire fabric member of the prosthetic device may not be
coated with the silver, such as in areas of suture markings.
In addition. in vivo experiments have shown excellent tissue
ingrowth, without excessive thrombus formation. Minimal
migration of silver into surrounding tissue may provide
further anti-microbial protection.

The thin film silver coating may be deposited or carried 1n
the fabric member, fibers. or sewing cuff using methods
known to the art. Throughout this application the term
“coating” or “coated” may be used to mean that the silver
may be coated on the surface of the device or component or
may be implanted within or into the device or component as
well as on the surface of the device or component, depend-
ing on how the silver was applied. For instance. the silver
coatings may be applied by vapor-deposition or by sputter-
ing. The use of the vapor-deposition technique is described
in U.S. Pat. No. 4.167.045 to Sawyer. Although any of a
number of techniques can be used to create the silver
coating, it is important that the coating be extremely adher-
ent to the fabric or other materials to prevent excessive
circulation of the cytotoxic silver material throughout the
body, while retaining porosity necessary for tissue ingrowth.

Vapor deposition of metal using ion acceleration transfer
systems (under high-vacuum) are well known at this time.
U.S. Pat. No. 5.474.797 assigned to Spire Inc. may be
referred to for techniques suitable for the application of
silver to fabric material.

FIG. 7 shows an illustrative but not limiting example of
one technique for coating fiber. The treatment chamber 30
includes a supply reel 32 and a take up reel 34. The fiber 36
is moved from one reel to the other while silver atoms are
accelerated by ion source 38 and directed electrically to the
fiber 36. As is known in this art, other metals may be adhered
to the fiber before the coating of silver is applied. Similar
methods may be employed for coating the fabric or the
assembled sewing cuff by utilizing fixtures, such as a
mandrel, to rotate or position the fabric or cuff to provide a
uniform coating of silver.

To achieve a uniform and tightly adherent silver coating,
vapor deposition techniques. such as ion beam implantation
and ion beam-assisted deposition (IBAD) are contemplated
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within this disclosure and ion beam-assisted deposition is
most preferred.

It is understood that traditional coating techniques. such
as sputtering. may result in areas of the fabric or device
which are not well coated or areas where an excess of silver
is deposited. While the uniform distribution. of silver atoms
throughout the treated portion of the prosthesis is believed to
be beneficial for this prosthetic application. a distribution
which is not uniform may also be acceptable. Coating the
fiber or yarn used to make the treated portion of the
prosthesis addresses this problem and may result in a more
uniform distribution of silver in the treated portion. It is
possible to form the fabric used to manufacture the sewing
cuff 18 or other portion of the cardiovascular prosthetic
devices described above in a conventional fashion.

The alternative procedure of coating the fabric or sewing
cuff after it is woven is contemplated as an alternative
technique within the scope of this disclosure. In this
embodiment. porosity necessary for adequate tissue
ingrowth must be maintained.

In one embodiment. the silver will slightly oxidize. pro-
viding an enhanced biologically active antiseptic surface.
For example. a representative stlver coated Dacron® poly-
ester sample showed silver oxide present at 9% and metallic
silver species present at 91%. Although the electrical prop-
erties of this surface are not well characterized, it 1s expected
that the electrical conductivity may serve important biologi-
cal functions as well. When combined with other materials.
the silver may ionize more readily. increasing the antimi-
crobial effectiveness.

EXAMPLE 1

A double velour woven polyethylene terephthalate
(Meadox Part Number 33 FR) (polyester) fabric was
obtained from Meadox Medicals. Inc. Silver was applied
using an ion beam-assisted deposition process as described
in U.S. Pat. No. 5.474.797.

Two different assays were performed to determine the
anti-microbial effectivity of the silver-coated fabric. In the
Dow Corning Corporate Test Method (923, three 750 mg
samples of silver-coated fabric (Sample No. 1 in Table 1)
and three 750 mg samples of uncoated fabric (Sample No.
2 1n Table 1) were individually exposed to a 75 ml solution
containing either: Staphylococcus epidermis ATCC 29886.
Streptococcus pyogenes ATCC 8668. or Candida albicans
ATCC 10231 at a concentration of (1-2)x10* CFU/ml.

TABLE 1

Bactenal Count

Sample (CFU/ml .}

Percent

Test Organism Number Zero Time One Hour Reduction
Staphylococcus epidermis #1 23,000 1,200 94.78
ATCC 29886

Staphylococcus epidermis #2 20,000 15,000 25.00
ATCC 29886

Streptococcus pyvogenes #1 16,000 90 00.44
ATCC 8668

Streptococcus pyogenes #2 16,000 16,000 NR
ATCC 8668

Candida albicans #1 14,000 360 07.43
ATCC 10231

Candida albicans #2 11,000 12.000 NR
ATCC 10231

As shown in Table 1. the bacterial count was determined
at time zero and one hour after inoculation to determine the

10

15

20

23

30

35

45

30

35

65

6

percent reduction in bacteria. The results indicate a 95% to
90% reduction in bacteria on the silver-coated fabric as

compared to the control (uncoated) samples which only
showed up to a 25 percent reduction of bacteria.

In the NYS63 Test for Bacteriostatic Activity, one-inch
square pieces of silver-coated fabric were exposed to each of
the following organisms at the indicated concentrations:

Staphylococcus epidermis (5.8x10* CFU/0.2 ml),
Streptococcus pyogenes (2.8x10* CFU/0.2 ml). or
Candida albicans (3.0x10* CFU/0.2 ml).

TABLE 2
Replicate  24-Hour Organism Count Percent Reduction
# S. epidermidis 5. pyogenes 8. epidermidis S. pyogenes
1 7.0 x 10° <1.0 x 10° 98.79 99.64
2 <1.0 x 10¢ <1.0 x 10° 99 .83 99.64
3 2.0 x 107 <1.0 x 10° 99.66 59.64
4 1.0 x 107 <1.0 x 10? 99.83 99.64
5 2.5 x 102 <1.0 x 10? 990.57 90.64
Replicate 24-Hour Organism Count Percent Reduction
# C. albicans C. albicans
1 <1.0 x 10? 99 .67
2 <1.0 x 10? 99.67
3 <1.0 x 10° 99 67
4 50 x 10° 98.33
5 19 x 10° 93.67

As shown in Table 2. the total remaining bacterial count
was determined twenty-four hours after exposure. The
results indicate a 94% to 99.8% reduction in the organism
for the silver-coated fabric.

EXAMPLE 2

Fabric was coated. as described in Example 1. and was
used to fabricate a sewing cuff which consisted of half
silver-coated and half uncoated polyester fabric. The hybrid

cuff was assembled to a St. Jude Medical® mechanical heart
valve prosthesis.

Blood compatibility and tissue ingrowth characteristics
were assessed after 30 days in a sheep mitral valve model.
Tissue reaction to the control and treated (coated) portions
were assessed grossly and histopathologically. Sewing cuff
specimens were embedded in plastic, sectioned and stained
with hematoxylin and eosin for histopathological analysis.
Results indicated that healing was similar to the coated
fabric as compared to the uncoated fabric with respect to
tissue ingrowth and blood compatibility, indicating that the
silver does not affect the safety of the device.

A hybrid valve similar to the polyester valve described
above was made utilizing a PI'FE cuff. Again, half the cuff

was coated with silver and half was uncoated. The valve was
implanted in the mitral sheep model for 30 days. Gross
examination showed healing and tissue response similar to
those for the polyester cuffs and valve.

The present invention has several advantages. Placement
of a thin film, tightly adherent silver coating onto the various
biomedical prostheses provides anti-microbial properties to
the device. As aresult. a mechanical heart valve may be used
in situations where other devices have been preferred. such
as in cases of active endocarditis, thus providing more
options for the surgeon and the patient. For example,
homografts have been the preferred device for replacement
of a valve in a patient with active endocarditis. Homografts
are in low supply. high demand and are typically reserved
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for pediatric cases. Thus, having a prosthetic device with an
antimicrobial coating provides a significant new option for
adult endocarditis cases. The low leaching of the silver from
the prosthetic device provides sustained effects. which fur-
ther enhances the anti-microbial properties of the device.
The silver coating does not affect the substrate to which it is
attached. Further, use of a silver coating on prostheses has
shown a significant reduction in bacteria. This invention will
also reduce surgical time in cases where surgeons dip the
valves into an antibiotic solution. since it will eliminate this
Step.

Although the present invention has been described with
reference to preferred embodiments, workers skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention. For example. even though vapor deposition has
been described as the preferred method for applying the
silver. other methods including chemical methods are within
the contemplation of this invention, including dipping the
fibers or fabric into a solution in which silver is dissolved.
or impregnating or immersing the fiber or fabric in a silver
solution. electroplating. or incorporating silver particles
within the fabric/cuff. Further, the invention may be imple-
mented with antimicrobial materials other than silver such as
Au. Pt. Pd. Ir (i.c.. the noble metals). Cu. Sn. Sb. Bi and Zn
or alloys thereof. Further, the inventive silver coating or
silver implantation may be used in any device for implan-
tation in or proXimate to a natural heart and is not limited to
the specific devices set forth herein. The inventive passive
assist device is particularly useful because the device is not
homographic and will provide additional options. particu-
larly for adult patients.

What is claimed 1s:

1. An implantable heart prosthesis, said prosthesis com-
prising:

an orifice ring having an outer periphery and an inner

periphery. said ring defining an annulus;

said annulus defining a passage for the flow of blood;

a fabric member coupled to at least said outer periphery
of said orifice ring and adapted for coupling to a
patient’s heart tissue for an extended duration;
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said fabric member carrying silver to thereby substantially

inhibit microbial growth on the fabric member.

2. The prosthesis of claim 1 wherein said fabric is coated
with silver im an ion beam-assisted, high-vacuum
environment, such that said silver atoms are inserted into the
surface of said fabric.

3. The device of claim 1 wherein said fabric is coated with
silver in a high-vacuum environment, such that said siver

atoms are coated on the surface of said fabric.

4. The prosthesis of claim 1 wherein said fabric member
comprises a plurality of fibers carrying silver.

5. The prosthesis of claim 4 wherein said fabric 1s woven

from polyester fibers.
6. The prosthesis of claim 1 further including:

a first occluder;
a second occluder;

said first and second occluders mounted for motion within
said ring;

a sewing cuff coupled to said ring; and

said sewing cuff carrying silver thereon.

7. The prosthesis of claim 1 wherein the device comprises

a heart valve.
8. The device of claim 7 further including:

a graft coupled to said ring; and

said graft fabricated from said silver coated fabric.

9. The prosthesis of claim 1 further comprising a stent.

10. The device of claim 1 wherein the device comprises
an annuloplasty ring.

11. The prosthesis of claim 1 wherein the device com-
prises a bioprosthetic valve.

12. The device of claim 1 wherein the device comprises
a valved graft.

13. The prosthesis of claim 1 wherein the fabric member
comprises a sewing cuff.

14. The prosthesis of claim 1 including a pledget carrying
silver adapted to cooperate with the fabric carrying member
for attaching the implantable heart prosthesis to natural

40 tissue of a patient.
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